The segregated properties of the visual system processing central or peripheral regions of the visual field have been widely studied in the visual cortex and the LGN, but rarely reported in retina. The retina performs complex computational strategies to extract spatial-temporal features that are in coherence with animal behavior and survival. Even if a big effort has been done to functionally characterize different retinal ganglion cell (RGC) types, a clear account of the particular functionality of central and peripheral cells is still missing. Here, using electrophysiological data obtained with a 256-MEA recording system on female diurnal rodent retinas (Octodon degus), we evidenced that peripheral RGCs have larger receptive fields, more sustained, faster and shorter temporal responses and sensitive to higher temporal frequencies with a broader frequency bandwidth than the center. Additionally, we also compared the asymmetries between ON and OFF cell populations present in each region, reporting that these asymmetries are dependent on the eccentricity. Finally, the presence of the asymmetries here reported emphasizes even more the complexity of computational strategies performed by the retina, which could serve as inspiration for the development of artificial visual systems.
In general, the distribution of cells is not homogeneous along the retina and it varies with the eccen-5 tricity. In rodents, retinal ganglion cells (RGC) are concentrated at the center of the retina forming a 6 visual stripe, see mouse (Dräger and Olsen, 1981) ; albino and pigmented mice (Salinas-Navarro et al., spikes obtained were validated using inter spike interval (ISI) and the autocorrelation general criteria.
Also, it was checked the cross-correlation between previously obtained templates. Those templates with 87 a high cross correlation and similar receptive field characteristics and light responses were merged.
88
Regularly 200-300 RGCs were isolated from a single experiment. RGCs responses were then analyzed 89 using custom software spike sorting and then for receptive field estimation. For estimating a receptive field (RF) a checkerboard stimulus wae used. The spatio-temporal receptive 95 field (RF) of each cell was estimated using custom-built software, which performs Spike Triggered Average 96 (STA) (Chichilnisky and Kalmar, 2002) . STA was computed for each of the 659 RGCs recorded, the 97 spatial and temporal profile of the estimated linear RF was obtained.
98
The spatial component of the RF was obtained fitting a 2D Gaussian on the frame with maximal response. The temporal component of the RFs was recovered collecting the average response of a window of 3x3 pixels around the center of the spatial RF along 18 frames prior the action potential generation.
The temporal profile was then fitted by a difference of two cascade low-pass filters as it is shown in Chichilnisky and Kalmar (2002) .
f (t) = a 1 (t/τ 1 ) n exp (−n(t/τ 1 − 1)) − a 2 (t/τ 2 ) n exp (−n(t/τ 2 − 1)) .
(1) significant activity over δ = µ ± 1.5σ along the ON and OFF flashes were selected, and the threshold δ 105 was also used to discard those cells with a very low activity (less than 20 spikes in all bins).
Light response characterization

106
The latency of each cell response was computed as the time when the maximal firing rate is reached after the stimulus onset.
The sustained index used to analyze different light-flashes responses were computed as
where R max (R mean ) is the maximal (mean) firing rates of the cell observed in a given condition.
107
To obtain the different groups of cell types according to their temporal response, we used the fitted 108 curve defined in (1). The fitted curve allowed us to extend the temporal characterization of the cell up to 109 40 frames prior the spike generation (666ms) with a resolution of 900 points. Starting from this generated 110 curve, we calculate some temporal characteristics of the RF such as: peak time, peak amplitude, zero crossing, biphasic index and roundness. The peak time represents the moment at the maximal contrast 112 intensity. The zero-crossing of the curve stands for the difference between the generation of the spike 113 and the zero-crossing time of the curve. The peak amplitude is only the value of the STA contrast at 114 the peak time. Moreover, the biphasic index is the absolute value of the ratio between the minimal and 115 maximal amplitude of the STA time curve (see Fig. 1C ). In the other hand, the roundness is related to 116 the ratio between the minor and major semi-axes of the RF ellipse.
117
Temporal cell profiles were clustered using the five first principal components (PCA) decomposition. For each cell, linear response was computed convolving the estimated RF (obtained with STA) with the checkerboard stimulus. The curve n l relating linear with real response was fitted by the following curve
where mainly the parameters β and θ quantify the nonlinearity represented in the sigmoid function 126 described in (3). 
Results
128
To characterize different cell populations of RGCs present in the Octodon degus retina, we collected 129 a series of data coming from ex-vitro recordings in a 256-multi electrodes array system. We recorded the 
Central Visual Projections
In both species we found a well-developed visual projection system, with all major mammalian retinal targets easily identifiable: superior colliculus (SC), geniculatus lateralis pars dorsalis (GLd), geniculatus lateralis pars ventralis (GLv), suprachiasmatic nucleus (SCN), pretectal complex (PRT), and accessory optic nuclei (AOS and MTN) (Figure 3 ). Contralateral and ipsilateral retinal projections were observed in the former four structures, whereas the latter two displayed contralateral projections only.
Geniculatus Lateralis Pars Dorsalis (GLd)
In the literature, the GLd of rodents is described as a cytoarchitectonically homogeneous structure, with no obvious lamination or subdivisions. However, there are reports of a ''hidden'' tri-laminar organization in the hooded rat, evidenced mainly by a differential density of retinal terminals [30] [31] [32] . We found subtle differences between a narrow external (dorsal) lamina, containing coarse retinal terminals, and a broad internal lamina containing finer retinal terminals. On the contralateral side, the external lamina appeared as a continuum of labeled fibers, covering the whole dorsal extension of the nucleus, while the internal lamina showed a clear band lacking labeled retinal fibers (as shown in Figure 4 a,b). This empty zone was located at the centro-caudal third portion of the nucleus. In contrast, on the ipsilateral side most of the GLd appeared free of label, with the exception of a patchy band of labeled terminals with a centro- (1)).
From the fitted version we extracted parameters such as, peak-time, zero-cross and maximal and minimal response. Additionally, using white noise checkerboard as input stimulus we computed the spike-triggered the exception of Center 1 -Dorsal P, p>0.3), which is also held for OFF cell population.
171
Additionally, we evaluated asymmetries between ON and OFF cell populations and how these asym-172 metries vary depending on retina eccentricity. The 2D charts presented in Fig. 2A The RGC response to white-noise stimulus was used to compute the STA of each cell. We only (Kolmogorov-Smirnof, p¡0.001 and p¡1e-8, respectively).
207
Most of the cells have elongated RF, as can be observed measuring the RF roundness parameter 208 (Fig. 3C) . We computed the RF roundness for each cell dividing the minor versus the major RF 209 diameter (see Fig. 1 ). Similarly, no statistical differences were observed between ON and OFF cell 210
populations. In addition, we also compared the distribution of roundness between center and periphery 211 obtaining significant differences with the centers only for ventral retina (Kolmogorov-Smirnof p<0.01 212 and p<0.005). right), and none of them acts as a low pass filter with zero frequency selectivity.
254
We also observed whether peak-time parameter in the time-domain is correlated with the temporal fre-255 quency selectivity (see Fig. 5C ). No correlation is observed between these two parameters (r-value=0.14, 
5E-right.
268
Now relating the biphasity of temporal cell response with the temporal frequency selectivity (see 269 Fig. 5F ), we observe a strong correlation between these two parameters (r-value = 0.68, p-value<1e- Additionally, we wanted to observe the relation between the peak frequency selectivity and the 289 frequency bandwidth in a condensed manner, where each point represents a temporal cluster (see Fig.   290 5F). We observe a covariation of both parameters which is more evidenced for the central regions (center: we can observe that it is correlated with the biphasic index of the temporal response. Cells with a high 297 biphasic index have a higher frequency selectivity compared to RGCs with a low biphasic index.
298
Contrasting frequency properties between ON and OFF cell populations, we observed that central with a Gaussian. We observed no homogeneity between the NI distribution of center regions (ANOVA, 310 p < 0.001), neither peripheral regions (ANOVA, p < 0.001).
311
Each of the relation of cell firing rate versus linear response was fitted by the equation described 
341
A global analysis revealed strong asymmetries between central and peripheral RGCs. In the periphery,
342
RGCs have larger RF sizes compared to central RGCs, suggesting large integration field areas (Fig. 3) . 
389
The asymmetries observed between temporal responses of ON and OFF populations can be studied 390 in the temporal frequency domain. In general, we observed than ON population has higher frequency 391 selectivity and higher bandwidth compared to OFF cells (see Fig. 5 ). We observed several RGCs acting 392 as temporal low-pass filters, but this property is only present in OFF cells, not observed in ON cells.
393
Considering that speed can be computed in terms of temporal and spatial frequency selectivities, we 394 can conclude that greater RF sizes and higher temporal frequency selectivities (ON properties) exhibit 395 a selectivity to higher speeds compared to cells with lower temporal frequency selectivities (OFF cells).
396
Nevertheless, it seems that ON population presents a selective deficit in carrying information about 397 moving stimuli, which deficit is not observed in OFF population (see Nichols et al. (2013) ). This finding 
